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Lumber grade yields and recovery ratios are shown for a sample 
of ponderosa pine (Pinus ponderosa Dougl. ex Laws.) in western 
Montana. About 9 percent of the lumber produced was in Select 
grades, 48 percent in Shop grades, and 43 percent in Common 
grades. Information on log scale and yield is presented in 
tables by log grade and diameter class. 
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Ponderosa pine (Pinus ponderosa Dougl. ex Laws.) is a desirable 
species for boards and millwork; some products made from 
ponderosa pine cost over $1,200 per thousand board feet. 

Yields of Moulding and Shop grades of lumber have been reduced 
because the production of dimension lumber items has increased 
because of changes in the size of trees and the demand for 
these items. 


This report presents yield data for a sample of 262 ponderosa 
pine trees taken from six areas on the Lolo National Forest in 
western Montana. It provides current information on lumber 
recovery which can be used by timber and land managers and by 
the forest products industry. 


For the 236 live trees in the sample, 1,033 logs were sawn, 
yielding 165,226 board feet of surfaced-dry lumber. About 

9 percent of this lumber was in Select grades, 48 percent in 
Shop grades, and the remaining 43 percent in Common grades. 
Tables and figures show log scale and yield information by log 
grade and diameter class, based on board-foot and cubic-—foot 
volumes. 
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Introduction 


Study Procedures 
Timber Sample 


Ponderosa pine (Pinus ponderosa Dougl. ex Laws.) is a major 
softwood species in the Western United States. A USDA Forest 
Service (1980) report states that the 1977 inventory volume in 
the northern Rocky Mountain Region alone is an estimated 

35 billion board feet (International 1/4-inch rule). Of the 
4.4 billion board feet harvested in the Western United States 
in 1979, 703 million was from the Rocky Mountain Region. Most 
of this volume is on lands administered by the National Forest 
System. 


Ponderosa pine is a desirable species for boards and millwork; 
some products reach market prices of more than $1,200 per 
thousand board feet. Production of dimension lumber items in- 
stead of more traditional l-inch boards has caused reductions 
in yields of Moulding and Shop grades of lumber. These changes 
in product mix are associated with changes in the size and 
quality of timber available for harvest and with the industry 
processing technology. The occurrence of these changes has 
created a demand by land managers for information necessary to 
make reliable predictions of timber value. 


The research reported here is the result of a study conducted 
on lumber recovery from ponderosa pine in western Montana in 
July 1976. The major objective of the study was to obtain 
information on lumber volume and grade yields by log size for 
the current log grading system (Gaines 1962). 


The research provides the manager of both public and private 
timberland with a basis for estimating lumber volume and grade 
recovery from logs of similar size and grade. The information 
can be used for making log allocations and for improving mill 
design and processing. 


The Lolo National Forest was selected as the sampling area 
because it contained stands with trees representing the full 
range of ponderosa pine sawtimber found in the Northern Region 
(Region 1). Regional Office personnel, industry representa- 
tives, and I selected the specific sample areas and study trees. 


Six areas that contained a full range of log grades and sizes 
of sawtimber were selected. The range of tree diameters was 
divided into 5-inch classes, and trees were selected to obtain 
about the same number of trees in each class. Trees with 
grade 1 or 2 logs were specifically selected whenever possible 
because of the scarcity of these log grades. A total of 

262 trees were selected in the six areas, including 26 older 
dead trees that yielded 95 logs. Each tree was numbered, and 
the logs sawn from the tree were identified by that number. 


Table 1 shows some characteristics of the sample trees. 


Falling end Log 
Identification 


Scaling 


Lumber Manufacturing 


Table 1--Characteristics of trees by sample area 


Number 
Sample of D.b.h. Height Defect Age 
area trees Range Average Range Average Range Average Range Average 
Sein Ches a = = SEER SS = Percentaa SS Sees = = 

1 34 8.9-36.5 25.9 44-136 102 0-38 ial 265-413 343 
2 34 Uo 3/52 W7/5§) 65-165 108 0-36 7 90-312 181 
3 44 12.0-36.7 25.0 52-153) 111 0-86 9 110-370 220 
4 44 Pot—s\/572 20.5 54-139 97 0-17 5 85-345 192 
5 47 7.8-16.5 12.0 54-104 76 0-11 3 56-115 75 
6 33 8.5-33.8 20.2 30-130 79 0-40 12 104-465 251 
Dead 

trees 26 8.4-34.4 20.4 54-144 98 0-83 44 103-370 183 


Trees were selected and cruised, then felled and bucked. The 
normal industry practice of bucking logs to maximize 32-foot 
lengths (woods-length logs) was followed. Total length and 
diameter of each tree and length of each bucked log were re- 
corded. The end of each log was identified by tree number and 
log within the tree. The log number was used to identify 
lumber items by the log of origin. 


After all the logs were delivered to the miliyard, they were 
rolled out and scaled according to Forest Service Scaling 
Handbook rules (USDA Forest Service 1973). In addition, 
measurements were taken that provided information for the 
application of several methods of determining cubic volume 
(USDA Forest Service 1978). Scribner log scale was used during 
the sawing phase when logs were scaled on the log deck. 


Each log was sawn to recover its optimum value through 
manufacture of the mill's usual lumber items. Production 
equipment included two single-cut bandsaws mounted with 
vertical edgers, a sash gangsaw, and bank of trim saws. Log 
size determined which side of the mill was used for initial 
breakdown. 


Research methodology on product yield has been developed for 
application at near-production conditions in most mills. These 
study techniques use a numerical sequence and color codes to 
maintain identity of each product throughout the sawing and 
planing phases. A quality inspector from Western Wood Products 
Association supervised the grading of the surfaced-dry lumber. 
A series of data records--hand tallies, cassette tape, black 
and white film, or television tapes--were used to ensure accu- 
racy of the recorded information. Final point of tally was 
surfaced-dry lumber ready for shipment. 


Table 2 shows surfaced-dry lumber tally volume for the items 
cut in the study. 


Table 2--Lumber item and surfaced-dry 
volume for all live logs 


Size Volume 
Inches Board feet 
Shops: 
5/4 Tap oal: 
4/4 9,560 
Boards: 
1x4 Oj 513 
1x6 2,302 
1x8 LS AO7/ 
1x10 UsUsi 
1x12 21290 
165,226 
Cubic Calculations The gross cubic volume of logs was computed by Bruce's (1970) 
butt-log equation for butt logs and Smalian's formula for all 
other logs: 


Smalian's formula: 0.002727 (DZ + Df) L. 
Butt-log equation: Volume = 0.005454 (0.3677 D2) 
+ 0.6688 (D, x Dz) 
- 0.000148 (D, x D;)L; 


where: D, is the log scaling diameter (inches) of the small 


end, 


Dj, is the log scaling diameter (inches) of the large 
end, and 


L is the log scaling length (feet). 


The cubic-foot volumes of lumber were based on measurements of 
surfaced-dry lumber. The cubic-foot volumes of sawdust were 
calculated from the average saw-kerf thickness and the rough- 
green surface area of the lumber from each log. Shrinkage and 
planer shavings were determined by subtracting the volume of 
surfaced-dry lumber from the volume of rough-green lumber. The 
residue volume was the gross log volume minus volumes of lumber, 
sawdust, shrinkage, and planer shavings. Thus, the residue 
volume includes a small amount of sawdust from the production of 
slabs, edgings, and trim ends. 


Model Selection Five regression models were compared for volume and value rela- 
tionships. The models were different combinations of the inde- 
pendent variables D, 1/D, 1/D2. The final model was selected 
based on the statistics of the regression (sy ,, the standard 
deviation about regression; and R“, the coefficient of deter- 
mination), each coefficient being significant (P<0.05), and 
experience from fitting these models in previous studies. 


Results Lumber yields presented in tables 6 through 11 in the appendix 
are in board feet of surfaced-dry lumber (shipping tally 
volume). The cubic-foot volume of the logs, lumber, sawdust, 
and residues calculated for each log grade by l-inch diameter 
classes is also shown. 


Cubic Recovery Cubic recovery percent (CR%Z) over diameter for all live logs is 
shown in figure 1.1/ Cubic recovery percent rises slowly in 
the lower diameters and tends to flatten in the upper limits. 
This is characteristic and is a result of cutting rectangular 
lumber from round logs. There was no significant relationship 
between cubic recovery and diameter for the dead logs. In- 
creasing defect for increasing diameters in dead logs seems to 
account for the lower recovery in the upper diameters compared 
with live logs. This in turn balances the lower recoveries in 
the smaller diameters resulting in no significant relationship 
between percent recovery and diameter; therefore, an average 
recovery of 38 percent is appropriate. 


Figure 2 presents the relationship between lumber recovery 
factor (LRF) and diameter. 2/ The shape of the curve is 

Similar to the curve for cubic recovery percent. The LRF 
weighted average recovery for the live logs is 7.13 and for the 
dead logs, 6.55. 


1/cubic recovery percent = surfaced-dry cubic-foot lumber 
volume divided by gross cubic-foot log volume times 100. 


2/LRF = board feet of lumber tally per cubic foot of gross log 
volume. 
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Figure 1.--Percent of cubic log volume produced as surfaced-dry 
lumber by log diameter, live ponderosa pine. (Cubic recovery 
percents=" 87/ -41195 = 0572 109CD)) — 576.91194(1/D) + 1595-0388 
(1/D2). Coefficient of determination = 0.491. Standard devi- 
ation from regression = 6.62.) 
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Figure 2.--Lumber recovery factor: Board feet of lumber tally 
per cubic foot of log by diameter, live ponderosa pine. 
(Lumber recovery factor = 9.4079 - 0.04658(D) - 21.1536(1/D). 
Coefficient of determination = 0.253. Standard deviation from 
regression = 1.067.) 


Recovery Ratio 


Grade Yields 


Recovery ratio (overrun) based on net log scale is shown in 


figure 3 for all live logs. > This ratio decreases as diam- 
eter increases. 


The relationship between recovery ratio and diameter for the 
dead logs was not statistically significant. The weighted 
average recovery was 160 percent for dead logs. Only the dead 
logs scaled as merchantable were included in this group, and 
they had a weighted average defect of 39 percent. 
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Figure 3.--Recovery ratio curve for all live ponderosa pine 
logs. (Recovery ratio = 106.7545 - 0.9471(D) + 568.3461(1/D) 
- 1116.9745(1/D2). Coefficient of determination = 0.2533. 
Standard deviation from regression = 35.35.) 


Tables 12-17 in the appendix show percent of recovery for each 
lumber grade by l-inch diameter classes by log grade and by all 
log grades combined. Dead logs are shown in table 16 but are 
not included in table 17 for all log grades. 


3/Recovery ratio = lumber tally volume divided by net log 
scale volume times 100. 
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Figure 4.--Lumber grade yield as a percent of total lumber tally 
volume by log grade. 


About 9 percent of the lumber produced from the logs in this 
study was in Select grades, 48 percent in Shop grades, and 
43 percent in Common grades. Figure 4 presents recovery of 
Select, Shop, and Common lumber for the various log grades. 


Value ($/MLT) Figure 5 shows the relationship of dollars per thousand board 
feet of lumber tally ($/MLT) to diameter. These relationships 
are based on 1976 lumber prices (table 3), furnished by Region 1 
of the USDA Forest Service. There was no statistically signifi- 
cant relationship between diameter and $/MLT for grades l, 2, 
and 3; however, there is a significant difference between the 
arithmetic means of those grades. Grade 5 logs show an in- 
crease in unit value with increasing diameter, whereas the 
reverse is true for the dead logs. 
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Figure 5.--Relationship of dollars per thousand board feet of 
lumber tally to diameter for each log grade, ponderosa pine. 


Statistical information: 


y (grade 
Standard 
y (grade 
Standard 
y (grade 
Standard 
y (grade 


I) = 3.45). 
error of 
2) = 302. 
error of 
3) = a2 
error of 
>) = eae 


90. 
the mean = 
35/5 
the mean = 
wits 
the mean = 
508 + 9038 


Coefficient of determination 
Standard deviation from regression = 40.48. 
= 146.8879 - 1.6896(D). 


y (dead) 


Coefficient of determination 
Standard deviation from regression = 31.96. 


6.78. 
(D). 
= 0.070. 


= 0.094. 


Table 3--1975 lumber grade prices 


Thickness (inches) 


Lumber grade 4/4 5/4 
= > 3 Sollee = = 
B & Better Select 609.58 584.97 
C Select 609.58 584.97 
D Select 424.07 AMA 24 
Moulding 224.68 431.40 
3 Clear 236.47 Zoe hO 
1 Shop 148.56 260.83 
2 Shop 148.56 195308 
3 Shop _- 146.25 
Shop Out == 146.25 
2 & Better Common 235.83 == 
3 Common EROS = 
4 Common IO = 
5 Common ZOR3 = 
Pitch Select Md beg eae AL Thay Pe 
Value ($/CCF) Figure 6 shows the relationship of dollars per hundred cubic 


feet of gross log volume ($/CCF) to diameter for each log grade. 
There was no statistically significant relationship between diam- 
eter and $/CCF for grades 2 and 3, nor for the dead logs; how- 
ever, there is a significant difference between the means of 
those grades. 


Application Many of the relationships in this report can be used in various 
ways. Data presented can also be used to develop other re- 
lationships; for example, board feet of lumber divided by cubic 
feet of lumber can be a useful tool in rating a mill's effi- 
ciency (Fahey and Woodfin 1976). Table 4 illustrates the re- 
lationship for three different widths of l-inch boards. 


This relationship also varies by size of rough-green lumber; a 
mill cutting to closer tolerances will attain the higher ratios, 
as shown in table 5. 
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Figure 6.--Relationship of dollars per hundred cubic feet of log 
volume to diameter for each log grade, ponderosa pine. 


Statistical information: 


y (grade 1) = 370.606 — 2987.01(1/D). 
Coefficient of determination = 0.247. 
Standard deviation from regression = 57.77. 
y (grade 2) = 223.14. 

Standard error of the mean = 8.88. 

y (grade 3) = 186.58. 

Standard error of the mean = 5.56. 

y (grade 5) = 147.825 - 808.1106(1/D) + 1893.1839(1/D2). 
Coefficient of determination = 0.204. 
Standard deviation from regression = 34.24. 
y (dead) = 79.19. 

Standard error of the mean = 2.83. 


The board-foot-per-cubic-foot (BF/CF) ratio calculated from 
table 11 for the live logs on a basis of surfaced-dry lumber 
was 15.67. By adding the cubic volume of shrinkage and planer 
shavings to the surfaced-dry cubic volume of lumber, the ratio 
can be computed on the basis of rough-green lumber--in this 
case, 11.08. This ratio and the data obtained from similar 
publications and reports will allow comparisons of mill effi- 
ciency. Multiplying BF/CF ratio of 15.67 by the cubic recovery 
percent (46) will equal the recovery factor for surfaced-dry 
lumber. 


Table 4--Board-foot:cubic-foot ratios for various sizes of 
surfaced-dry lumber 


Item, 
nominal 
size 


size 


Surfaced-dry 


Board feet 


per 


linear foot 


0.333 


0 
1.0 
ig 22 


per 


0.018 
029 
059 
097 


Cubic feet 


linear foot 


Board feet 


per 


cubic foot 


SRSA) 
We 2 
16.9 
12/9 


Table 5--Board foot:cubic foot ratios for various sizes of 
rough-green lumber 


Iten, 
nominal 
size 


1x4 
Closer 
tolerance 


1 x 6 
Closer 
tolerance 


see. 
Closer 
tolerance 


Siasexe 2. 
Closer 
tolerance 


Board feet 


Rough-green 


0.969 


x 


x 


size 


11. 


2% 


linear foot 


oi25) 


875 


75 


735) 


per 


0.333 


5393 


.20 


-90 


Cubic feet 


linear foot 


per 


0.028 


024 


041 


O37 


081 


074 


.128 


sd tals) 


per 


11.9 


10.9 


To adapt information published about a mill to a mill that is 
similarly cutting logs: 


alls Carefully measure a sample of the various lumber items to 
For instance, use a ratio of 9.91 and 


a green cubic recovery percent of 65. 


determine a BF/CF ratio. 


(BF/CF)(CR%Z). 
(9.91)(0.65). 


6.44. 


Board feet 


cubic foot 


1] 


Metric Equivalents 
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Point 2 illustrates that an improvement in the LRF could be ob- 
tained by cutting to closer tolerances. If a mill cuts items 
in a different relationship than those in published reports, 
compute the BF/CF ratios for individual items, calculate an 
average BF/CF weighted by dimension, and then proceed with the 
LRF calculation. 


1 inch = 2.540 centimeters 
1 foot 0.305 meter 
1 cubic foot = 0.028 cubic meter 
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Plank, Marlin E. Lumber recovery from ponderosa pine 
in western Montana. Res. Pap. PNW-297. Portland, 
OR: U.S. Department of Agriculture, Forest 
Service, Pacific Northwest Forest and Range 
Experiment Station; 1982. 24 p. 


Lumber grade yields and recovery ratios are shown 
for a sample of ponderosa pine (Pinus ponderosa 


Dougl. ex Laws.) in western Montana. About 

9 percent of the lumber produced was in Select 
grades, 48 percent in Shop grades, and 43 percent in 
Common grades. Information on log scale and yield 
is presented in tables by log grade and diameter 
class. 


KEYWORDS: Lumber recovery, lumber yield, ponderosa 
pine, Pinus ponderosa, Montana. 
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